Abstract: Expanded perlite has been assumed as simple nuisance, however during an accidental spill out in Taiwan, among 24 exposed workers followed for more than 6 months, three developed persisted respiratory symptoms and positive provocation tests were compatible with reactive airway dysfunction syndrome. During simulation experiment expanded perlite is shown to be very dusty and greatly exceed current exposure permission level. Review of literature and evidence, though exposure of expanded perlite below permission level may be generally safe, precautionary protection of short term heavy exposure is warranted.
Introduction
Perlite, light gray to glossy black color porous glass containing interstitial water, originates from volcanic eruption. For industrial purpose, perlite is heated up to 1,000 degree Celsius to become expanded perilte that is used as agriculture substrate, lightweight concrete aggregate, packaging material, and construction and industrial insulator for wall and floor and so on, according its various size. The expanded perilte has a high surface area, is fluffy white and insoluble in water. According to material safety data sheet, expanded perlite is a mineral composed of sodium, potassium, aluminum, silicate, and alpha-cristobatite & tridymite, and alpha-quartz, etc. depending on its ore body that dictating the substance's chemical composition. It is regarded as generally safe, and the time weighted average of threshold limit value (TLV-TWA) was 10 mg/m 3 without short-term exposure limit 1) .
Subjects and Methods
In a factory located in one of the Science Park of Taiwan, because of abnormal pressure was noted in a safety valve of liquid nitrogen tank (49.2 m 3 ), replacement of its evacuation valve was scheduled. The introduction of helium gas during the maintenance process brings the pressure within the vacuum layer to accumulate and break out through the safety valve. The insulator material, consisting of mainly expanded perlite powder, had an accident explosion and spilling out. This caused large amount of powders to continue falling covering hundred meters of area. A woman staff in the outside ground, unable to escape reported to have inhaled the powder and developed symptoms of sore throat, persisted cough, and chest tightness. An industrial hygiene officer and another security guard went over immediately to check the accident and stayed at the polluted space without mask for several minutes. Later on more company staffs wearing paper or carbon masks were dispatched to clean the polluted ground using water jets and brooms for several hours. Many of them also complained of eye and throat irritation, cough and dyspnea afterwards.
For the exposed workers an initial health examination at nearby hospitals was arranged though not all visited doctors, and later on referred to our hospital, one of the tertiary referral centers in Taiwan. The 24 cases had onsets of respiratory irritation at the first or second day of their exposure to perlite, and their symptom varied and were off and on (for several months) before visiting NTUH, where questionnaire survey were performed. Chest radiograph and pulmonary function tests (PFT), including non-specific broncho-provocation test, using serial dosage of methacholine, were performed for them as well. Positive result was defined as a 20% decrease in FEV 1 (PC 20 ) upon threshold value equal or less than 16 mg/ml of methacholine inhalation.
Results
The results in Table 1 showed the previous history, exposure and protection condition, symptoms, pulmonary function of 24 perlite exposed workers. Among the 24 workers, the prevalent symptoms observed among these workers up to 3 months after incident were cough (in 12 patients), eye irritation (in 11 patients), shortness of breath (in 12 patients), and throat irritation (in 7 patients). Many victims had more than 6 months of respiratory symptoms and three of them (case 1,2,4) had cough and chest tightness complaint at the first exposure and thereafter with slight obstruction of PFT (%FEV 1 <80). For the other lightly exposed workers, none remained symptomatic after 6 months of follow-up and their pulmonary function test results were all within normal limits ( Table 2) emphysema, chronic bronchitis, tuberculosis or lung cancer except one light exposed case with prior asthma history. Chest radiography was obtained in 22 workers which were considered normal except minimal fibrotic change in 4, increased lung marking in 3, and pleural thickening in 2 workers. Among the three persistent symptomatic workers, case no.1 is the directly exposed woman staff (38 yr old), the case no.2 is the guard (55 yr old), although symptom persist, his pulmonary function tests showed improvement after one month of follow up (FVC from 86.4% to 93.8%, FEV 1 from 86.1% to 90.2% and FEV 1 /FVC from 79.0 to 80.6% predicted). The case no.4, a 39 yr old worker cleaning the tank leakage area, who had normal pulmonary function in periodical physical examination last year, developed persistent cough and dyspnea after this incident. His serial pulmonary function test showed persistent mild obstructive pattern. These three cases have persistent symptoms even after treatment with beta-agonist inhaler plus anti-allergic (all three cases), or theophylline and prednisolone (case 1 only). The follow up broncho-dilatation test showed borderline or no response (case 1&4), and serial provocation tests are still positive (<16 mg/dl) for cases 1&2 after follow-up for 9 months and case 4 for 2 yr, in this worker persistent obstructive pulmonary function throughout the follow up course and diffusion capacity impairment (75.0%) was noted at the latest follow up.
Discussion
In the incident described herein, three exposed workers without history of pulmonary disease developed persistent cough and dyspnea after a single heavy exposure to expanded perlite. According to the original definition of reactive airway dysfunction syndrome (RADS) 2) the victim's symptoms will develop very quickly, within minutes or hours after a single, high-intensity exposure and the asthma-like symptom (chest tightness, cough or dyspnea) persisted for a longer period and usually non-specific challenge test is usually positive, and with postitive histiopathological result. Lately recommended cardinal diagnostic features of RADS 3) are: (a) identification of date, time, frequency and extent of exposure. (b) symptom occurred within 24 h (c) no latency period between exposure and symptoms (d) symptom less likely to improve away from work (e) objective (pulmonary function) test demonstrate obstruction (f) presence and persistence of non-specific bronchial hyper-responsiveness (such as methacholine challenge test). These three RADS workers have demonstrated all the above features. Based on American Thoracic Society guidelines 4) , by the severity of air hyper-reactiveness (AHR) to methacholine, there were 4 degrees: moderate to marked (PC 20 , ≤1.0 mg/ml); mild (PC 20 , 1 to 4 mg/ml); borderline (PC 20 , 4 to 16 mg/ml); and normal (PC 20 , >16 mg/ml). If the last concentration inhaled was ≤16 mg/ml, it was found that the percentage fall in FEV 1 was similar across the AHR severity scheme (about 25%). At concentrations of >16 mg/ml, the average fall in FEV 1 was approximately 15%. In this accident, all three cases of RADS have a PC 20 ≤16 mg/ml, which confirms positive bronchial responsiveness to methacholine. The three symptomatic workers who become airway hyper-reactiveness (AHR) have no previous exposure to sensitizers 5) in their workplace before this incident. Nevertheless, as shown in the literature RADS usually occurs to corrosive or irritating gas, vapor, fume or dust 6) exposure, and thus it is also categorized as irritant induced occupational asthma 7) , while perlite had never been recognized in the above list, either as an irritant 6) or a sensitizer 8) . The remaining perlite powder on the ground was analyzed and it showed some Cr, As, Cd, Hg (<5 ppm) and Pb (80 ± 5 ppm). They are unlikely to be the original constituents of expanded perlite as revealed from material safety data sheet, and are assumed to be contaminants from exfoliated paint of the worksite or maybe from very small amount of inside tank wall exfoliated paint. The original raw material of expanded perlite powder was also analyzed and which does not show free SiO 2 . Using sand dust test machine and in a condition of pre-set pressure of 0.01-0.2 MPa (mega pascal, 1 MPa =9.869 atm) to simulate filling pressure of nitrogen gas in the insulation layer before the accident occurred, expanded perlite powder was stirred in the hood for 15 s and the chamber light was on so to visually simulate the cloudy leakage while dust concentration was simultaneously monitored. The safety officer and two colleagues agrees that by visual comparison the average air concentration was estimated to be around 191-4,150 mg/m 3 , around 20-400 folds of TLV-TWA for expanded perlite. From a study of insulation installer's dust exposure, it had been noted that expanded perlite could be much dusty than any other fibrous powders 9) . Thus, we speculated by the dusty nature that the spill out cause a lot of floated expanded perlite to be inhaled by heavy exposed workers. Thirty years ago, the health effect of perlite exposure was once reported in an orchid grower with pulmonary irritation and mild hemorrhage, and perlite crystals were found in the upper brochi 10) . In a subsequent experiment, guinea pigs exposed to higher concentration of perlite dust, 6.6 ± 5.2 mg/ml and 30 min per day in a special chamber for 24 wk were found to have intracellular dust particle throughout the lungs with lymphoid aggregation and perivascular inflammatory response 11) . However, follow up for workers in perlite mining and processing factories for up to 23 yr of exposure, there was no evidence of pneumoconiosis by chest radiography or pulmonary dysfunction 12) and their exposure of perlite is around the permissible level 13) . A recent study of Indian perlite workers exposed to very low level of expanded perilte (in the ng/m 3 range) 14) for more than 10 yr also revealed no clinical pulmonary silicosis or fibrosis cases, but only mild effect on their pulmonary function was noted. Thus, to our knowledge, this is the first report of RADS associated with expanded perlite exposure.
According to our investigation, we have followed 24 symptomatic cases up to 6 months or more, and identified three cases fulfilling RADS. They mainly expose to expanded perlite, maybe also with trace metals which were not related to respiratory distress or RADS. The victims' symptoms developed shortly after exposure of perlite and could persist even with beta-agonist treatment up to a maximum of 24 months. In the simulation experiment, we estimated the exposure level may be more than 20-400 folds of STEL. We also show that the heavy exposed group victims have a higher incidence and persistent symptoms of respiratory distress. Thus, we speculate the three RADS cases are due to short term, heavy exposure of dusty expanded perlite. The limitation of this study is lack of airway histological proof in these victims. However, appropriate respiratory protection such as air purifying respirator is suggested to be placed near-by. Though chronic exposure to sub-TLV concentration of expanded perlite may not be hazardous, the initiative to regulate the short term exposure limit of expanded perlite to prevent workers from high level of exposure may be further explored.
